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1.1 enclosed currents

1. In the vacuum region, the enclosed currents are given by either surface integrals of the current density or line integrals of the

magnetic field,

∫
S

j · ds =

∫
∂S

B · dl, (1)

and line integrals are usually easier to compute than surface integrals.

2. The magnetic field is given by the curl of the magnetic vector potential, as described in bfield.

3. The toroidal plasma current is obtained by taking a “poloidal” loop, dl = eθ dθ, on the plasma boundary, where Bs = 0, to

obtain

I ≡

∫
2π

0

B · eθ dθ =

∫
2π

0

(−∂sAζ ḡθθ + ∂sAθ ḡθζ) dθ, (2)

where ḡµν ≡ gµν/
√

g. This should be independent of ζ.

4. The poloidal “linking” current through the torus is obtained by taking a “toroidal” loop, dl = eζ dζ, on the plasma boundary to

obtain

G ≡

∫
2π

0

B · eζ dζ =

∫
2π

0

(−∂sAζ ḡθζ + ∂sAθ ḡζζ) dζ. (3)

This should be independent of θ.

1.2 “Fourier integration”

1. Using f ≡ −∂sAζ ḡθθ + ∂sAθ ḡθζ , the integral for the plasma current is

I =

′∑
i

fi cos(niζ)2π, (4)

where
∑′

includes only the mi = 0 harmonics.

2. Using g ≡ −∂sAζ ḡθζ + ∂sAθ ḡζζ , the integral for the linking current is

G =

′∑
i

gi cos(miζ)2π, (5)

where
∑′

includes only the ni = 0 harmonics.

1.3 Comments

1. The plasma current, Eqn.(2) & Eqn.(4), should be independent of ζ, and the linking current, Eqn.(3) & Eqn.(5), should be

independent of θ. (Perhaps this can be proved analytically; in any case it should be confirmed numerically.)

2. This routine also calculates the derivatives of the enclosed currents w.r.t. the geometry and the fluxes. This requires the

appropriate derivatives of the vector potential, and for this please learn about the ideriv parameter and what information is

contained in the Ate(lvol,ideriv,ii)%s(ll), and Aze(lvol,ideriv,ii)%s(ll) arrays.
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